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RECHARGEABLE BATTERY, ITS MANUFACTURING METHOD, AND NONAQUEOUS 
ELECTROLYTE RECHARGEABLE BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive electrode active material or the like for a 
nonaqueous electrolytic rechargeable battery of which high capacity of the battery can be 
realized while maintaining a secondary particle shape of raw material and without damaging 
moldabiiity and poured density in forming an electrode in the positive electrode active material 
of a lithium transition metal complex oxide substituted by alkaline earth metal. 
SOLUTION: This is the positive electrode active material for the nonaqueous electrolyte 
rechargeable battery composed of a lithium complex oxide expressed by a chemical formula : 
Li1+xM1-yLy02 (in the formula, M is one kind or more of metal element of Co or Ni, L is an 
alkaline earth metal element, and as for x and y, -1.0<x<0.2, 0<y<0.12), and the positive 
electrode active material for the nonaqueous electrolyte rechargeable battery is provided 
wherein the lithium complex oxide has a secondary particle shape of spherical or ellipse 
spherical, satisfies both equations of a tap density and a specific surface area as well as the 
tap density and the average particle size, and the alkaline earth metal is not segregated or 
independently separated as an alkaline earth metal oxide, but substantially solid solution- 
dissolved. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

A chemical formula: Li 1+x M 1 _ y L y 0 2 (among a formula) M is any one or more sorts of metallic 

elements of Co or nickel, and L is an alkali earth metal element — y-1 .0<x<=0.x2 and 0< 
y<=0.12 — it is — it is the positive active material for nonaqueous electrolyte secondary cells 
which consists of a lithium multiple oxide expressed 

(a) The above-mentioned lithium multiple oxide is spherical, or it has ellipse ball-like aggregated 
particle shape, 

(b) Fill an expression of relations of tap density (a unit: g/ml) and specific surface area (a unit: 
rn 2 /g) which are shown with a following formula (1), 

Formula (1): 0.8<= [(tap density) x10/ {(specific surface area) +20}] <=1.5 

(c) filling an expression of relations of tap density (a unit: g/ml) and the particle size distribution 
D50 (a unit: micrometer) which are shown with a following formula (2) — and 

Formula (2): 1<= {(tap density) x10/ (particle size distribution D50)} <=3 

(d) Positive active material for nonaqueous electrolyte secondary cells, wherein alkaline-earth 
metals contained in it are dissolving substantially as an alkali earth metal oxide, without [ a 
segregation or ] carrying out independent separation. 

[Claim 2] 

A manufacturing method of the positive active material for nonaqueous electrolyte secondary 
cells according to claim 1 including a process of the following (I) - (III). 

(I) mean particle diameter — 5-20 micrometers — that shape of an aggregated particle is 
spherical, or an ellipse — to spherical cobalt or a nickel compound. A process which makes 
alkaline-earth metals coprecipitate beforehand so that a mole ratio of cobalt or nickel, and 
alkaline-earth metals may serve as 1-y:y (however, y fulfills conditions which become 
0<y<=0.12) 

(II) A process of mixing an obtained coprecipitate and a lithium compound with a mean particle 
diameter of 5 micrometers or less so that mole-ratio Li/(M+L) of lithium, and (cobalt or nickel + 
alkaline-earth metals) may become more than 0.98 

(III) A process of heat-treating an obtained mixture at temperature of 800-1 100 ** 
[Claim 3] 

A manufacturing method of the positive active material for nonaqueous electrolyte secondary 
cells according to claim 2, wherein a coprecipitate obtained at a process of said (I) is a 
carbonation thing. 
[Claim 4] 

A nonaqueous electrolyte secondary cell which uses an anode containing the positive active 
material for nonaqueous electrolyte secondary cells according to claim 1. 



[Translation done.] 



http://w\vw4.ipdl.inpit.gojp/cgi-bin/tran_web_cgi_ejje?atw_u=http://www4.ipdl.inpi... 2009/07/16 



JP,2004-J19172,A [DETAILED DESCRIPTION] 



Page 1 of 1 1 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the positive active material for nonaqueous electrolyte secondary 
cells, its manufacturing method, and a nonaqueous electrolyte secondary cell. 
By making alkaline-earth metals dissolve, maintaining aggregated particle shape in more detail 
without grinding, By raising the moldability and pack density at the time of forming an electrode, 
and filling the expression of relations of tap density, specific surface area and tap density, and 
mean particle diameter further, It is related with the positive active material for nonaqueous 
electrolyte secondary cells it becomes possible to give high cell capacity, its manufacturing 
method, and a nonaqueous electrolyte secondary cell. 

[0002] 

[Description of the Prior Art] 

In recent years, the demand of the small and lightweight rechargeable battery which has a high 
energy density is increasing with the spread of portable devices, such as a cellular phone^and a 
notebook sized personal computer. As such a rechargeable battery, there is a nonaqueous 
electrolyte type rechargeable lithium-ion battery, and the research and development are done 
briskly and have been put in practical use. The anode in which this rechargeable lithium-ion 
battery uses a lithium multiple oxide as an active material, A negative electrode like lithium, a 
lithium alloy, a metallic oxide, or carbon which uses as an active material occlusion and material 
which can be emitted for lithium, and the separator or solid electrolyte containing nonaqueous 
electrolyte is used as the main components. 
[0003] 

A lithium cobalt multiple oxide (LiCo0 2 ), lithium nickel complex oxide (LiNi0 2 ), a lithium 

manganese multiple oxide (LiMn 2 0 4 ), etc. are one of those which are examined as positive 

active material among these components. Especially in the cell which used the lithium cobalt 
multiple oxide for the anode, many development for acquiring the outstanding initial capacity 
characteristic and cycle characteristic was performed until now, various results were already 
acquired, and it has resulted in utilization. 
[0004] 

In the above-mentioned rechargeable lithium-ion battery, high capacity and a thermal stability 
high thing are called for with the progress of a miniaturization and weight saving of a portable 
device, multi-functionalization, etc. currently used more than former. 

Especially about capacity, what has the large service capacity per unit volume is called for from 
a viewpoint of the miniaturization stated to the beginning. In a lithium cobalt multiple oxide and 
lithium nickel complex oxide. When a rechargeable lithium-ion battery is produced using the 
material purely compounded only with cobalt or nickel as positive active material, and it is used 
under hot environments or is saved, the fault of being easy to spoil battery capacity remains 
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without yet being solved. 
[0005] 

In order to solve such a fault, the method of transposing some of cobalt or nickel to metallic 
elements, such as alkaline-earth metals and aluminum, is proposed (for example, refer to the 
patent documents 1, the patent documents 2, and patent documents 3.). Thereby, the stability 
of a crystal structure improves and it is known that a cycle characteristic and elevated- 
temperature holding property will be improved. 

When adding these metallic elements generally, in order to raise reactivity and to advance a 
reaction to homogeneity more, after often grinding the metallic element compound of a raw 
material, cobalt or a nickel compound, and a lithium compound and mixing, it is necessary to 
compound. 

However, on the process, since particles become very fine, the multiple oxide obtained by such 
a method has a bad moldability at the time of forming an anode, and also cannot raise pack 
density as an electrode, but has the problem of becoming what has the low capacity as a cell 
per unit volume. 
[0006] 

The metallic element compound added as a method for improving reactivity and advancing a 
reaction to homogeneity more, Cobalt or the compound of nickel, and a lithium compound are 
melted in a solvent, and it mixes, and sprays and dries by spray dry etc., and the method of 
advancing a reaction simultaneously, etc. are proposed (for example, refer to patent documents 
4.). 

However, since the inside of an aggregated particle of the thing with the gestalt of the 

aggregated particle which the fine primary particle condensed served as hollow, the thing of 

sufficient density and intensity was not obtained but the multiple oxide obtained by this method 

had the problem that pack density as an electrode could not be raised as a result. 

By coprecipitating the alloying element M (at least one sort as which M is chosen from Mg, 

aluminum, Cu, and Zn), The method of mixing the obtained alloying element coprecipitation 

cobalt oxide with a lithium compound, carrying out heating composition, and obtaining a lithium 

compound cobalt oxide is proposed (for example, refer to patent documents 5.). 

However, the shape of the grain shape of the multiple oxide obtained by such a method is an 

infinite form. 

It had the problem that it was difficult to keep good the moldability at the time of forming an 
electrode, and pack density. 

Although thermal stability has improved in the positive active material which added alkaline- 
earth metals to the multiple oxide of at least one kind of element and lithium which are chosen 
from above-mentioned cobalt or nickel, It had the problem that it was difficult to raise the 
moldability at the time of forming an electrode and pack density, and to make high capacity 
provide as a cell. 
[0007] 

[Patent documents 1] 
JP,8-138670,A (claim etc.) 
[Patent documents 2] 
JP,9-2935Q5,A (claim etc.) 
[Patent documents 3] 
JP,11-135119,A (claim etc.) 
[Patent documents 4] 

JP.1 0-7451 7,A (the 3rd page, a paragraph [0012], etc.) 
[Patent documents 5] 
JP,2002-198051,A (claim etc.) 
[0008] 

[Problem(s) to be Solved by the Invention] 
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Therefore, this invention is made paying attention to the above problems, and the purpose of 
this invention, In the positive active material of the lithium transition metal multiple oxide 
replaced with alkaline-earth metals, It is in providing positive active material for nonaqueous 
electrolyte secondary cells which can attain high capacity-ization of a cell, and a manufacturing 
method for the same, without spoiling the moldability at the time of forming an electrode, and 
pack density, with the aggregated particle shape of a raw material maintained. 
[0009] 

[Means for Solving the Problem] 

Then, in order that this invention persons may conquer a problem of said conventional 
technology, as a result of inquiring wholeheartedly, some of cobalt or nickel faces [ applying to 
positive active material ] a lithium multiple oxide replaced with alkaline-earth metals, It has the 
specific powder characteristic which a fine primary particle condensed and was got blocked 
comparatively densely and which was spherical or constituted an ellipse balHike aggregated 
particle, And by using a lithium multiple oxide obtained by mixing and heat-treating a lithium 
compound in a compound raw material which made alkaline-earth metals dissolve to cobalt or 
nickel, By furthermore filling both expressions of relations of tap density, specific surface area 
and tap density, and mean particle diameter, without a problem mentioned above arising, it 
excelled in a moldability and restoration nature and found out that a nonaqueous electrolyte 
secondary cell which has high capacity was obtained. This invention results in completion based 
on such technical knowledge. 
[0010] 

That is, according to the invention of the 1st of this invention, it is chemical formula:Li 1+x M 1 _ 

y L y 0 2 (among a formula). M is any one or more sorts of metallic elements of Co or nickel, and L 

is an alkali earth metal element — y-1 .0<x<=0.x2 and 0< y<=0.12 — it is — it is the positive 
active material for nonaqueous electrolyte secondary cells which consists of a lithium multiple 
oxide expressed 

(a) The above-mentioned lithium multiple oxide is spherical, or it has ellipse ball-like aggregated 
particle shape, 

(b) Fill an expression of relations of tap density (unit: g/ml) and specific surface area (unit: 
m 2 /g) which are shown with a following formula (1), 

Formula (1): 0.8<= [(tap density) x10/ {(specific surface area) +20}] <=1.5 

(c) filling an expression of relations of tap density (unit: g/ml) and the particle size distribution 
D50 (unit: micrometer) which are shown with a following formula (2) — and 

Formula (2): 1<= {(tap density) x10/ (particle size distribution D50)} <=3 

(d) Positive active material for nonaqueous electrolyte secondary cells, wherein alkaline-earth 
metals contained in it are dissolving substantially as an alkali earth metal oxide, without [ a 
segregation or ] carrying out independent separation is provided. 

[0011] 

On the other hand, according to the invention of the 2nd of this invention, a manufacturing 
method of positive active material for nonaqueous electrolyte secondary cells concerning the 
1st invention including a process of the following (I) - (III) is provided. 

(I) mean particle diameter — 5-20 micrometers — that shape of an aggregated particle is 
spherical, or an ellipse — to spherical cobalt or a nickel compound. A process which makes 
alkaline-earth metals coprecipitate beforehand so that a mole ratio of cobalt or nickel, and 
alkaline-earth metals may serve as 1-y:y (however, y fulfills conditions which become 
0<y<=0.12) 

(II) A process of mixing an obtained coprecipitate and a lithium compound with a mean particle 
diameter of 5 micrometers or less so that mole-ratio Li/(M+L) of lithium, and (cobalt or nickel + 
alkaline-earth metals) may become more than 0.98 

(HI) A process of heat-treating an obtained mixture at temperature of 800-1 100 ** 
According to the invention of the 3rd of this invention, in the 2nd invention, a manufacturing 
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method of positive active material for nonaqueous electrolyte secondary cells, wherein a 

coprecipitate obtained at a process of said (I) is a carbonation thing is provided. 

According to the invention of the 4th of this invention, a nonaqueous electrolyte secondary cell 

which uses an anode containing positive active material for nonaqueous electrolyte secondary 

cells of the 1st invention, and is characterized by things is provided. 

[0012] 

This invention is chemical formula:Li^ +x M 1 _ y L y 0 2 (among a formula), as described above. M is 

any one or more sorts of metallic elements of Co or nickel, and L is an alkali earth metal 
element, y-1 .0<x<=0.x2 and 0< y<=0.12 — it is — it being the positive active material for 
nonaqueous electrolyte secondary cells which consists of a lithium multiple oxide expressed, 
and the above-mentioned lithium multiple oxide, Spherical or alkaline-earth metals which have 
ellipse ball-like aggregated particle shape, fill both expressions of relations of tap density, 
specific surface area and tap density, and mean particle diameter, and are further contained in 
it, Although involved in positive active material for nonaqueous electrolyte secondary cells 
currently dissolving substantially as an alkali earth metal oxide, without [ a segregation or ] 
carrying out independent separation, the following are included as the desirable mode. 
[0013] 

(1) A manufacturing method of positive active material for nonaqueous electrolyte secondary 
cells characterized by heat treatment temperature being 900-1000 ** in the 2nd invention. 

(2) A nonaqueous electrolyte secondary cell, wherein an anode contains a conducting material 
(or electric conduction auxiliary agent) and a binder further in the 3rd invention. 

[0014] 

[Embodiment of the Invention] 

Hereafter, this invention is explained in detail for every item. 

The positive active material for nonaqueous electrolyte secondary cells of this invention, 
Chemical formula: Li 1+x M 1 _ y L y 0 2 (among a formula) M is any one or more sorts of metallic 

elements of Co or nickel, and L is an alkali earth metal element, y-1.0<x<=0.x2 and 0< y<=0.12 - 
- it is — it consisting of a lithium multiple oxide expressed, and this lithium multiple oxide, 
Spherical or the alkaline-earth metals which have ellipse ball-like aggregated particle shape, fill 
both the expressions of relations of tap density, specific surface area and tap density, and mean 
particle diameter, and are further contained in it, It is dissolving substantially as an alkali earth 
metal oxide, without [ a segregation or ] carrying out independent separation. 
[0015] 

1. Positive active material for nonaqueous electrolyte secondary cells which consists of lithium 
multiple oxide 

The positive active material for nonaqueous electrolyte secondary cells of this invention is 
positive active material which consists of a lithium cobalt multiple oxide which replaced some of 
cobalt or nickel with alkaline-earth metals for the improvement in cell capacity, or lithium nickel 
complex oxide in a rechargeable battery. 
[0016] 

When using a lithium multiple oxide as positive active material of a rechargeable battery, and 
lithium usually carries out desorption insertion as ion from a crystal structure, charge and 
discharge are performed. 

It is said that, as for pure lithium cobalt or lithium nickel complex oxide which is not replaced by 
a metallic element etc., there is generally a problem in thermal stability, especially the 
exothermic starting temperature as a cell at the time of overcharge. A crystal structure 
becomes unstable, a crystal structure collapses due to adding thermal energy here, and this is 
considered to generate heat and ignite rapidly ignited by generation of heat by oxygen discharge 
taking place, when the lithium ion desorption amount from an active material crystal structure 
increases. In order to prevent this structure destruction, there is a method of replacing some of 
cobalt or nickel by other elements. 

However, in order for other elements to replace some of cobalt or nickel generally, it is 
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necessary to mix well, grinding cobalt or a nickel raw material compound, and a substitution 
metallic raw material compound with a lithium raw material compound in the case of 
composition. Since the reaction advances [ this ] when a reaction begins by the contacting 
parts between solid phase and a resultant generates to these interfaces in the solid phase 
reaction which uses a powder solid as eacting matter, if the powder particle is detailed, the 
contacting parts of a certain forge fire are because it increases and a uniform presentation is 
acquired. 

As for the element substitution type lithium multiple, oxide compounded by the method of 
carrying out grinding mixing finely, thermal stability is improved with a certain kind of substituted 
element so that it may become the most uniform possible presentation from such a reason. 
[0017] 

However, since many fine particles exist if this is seen from a viewpoint as a positive electrode 
material in a rechargeable battery, The moldability at the time of the tap density which carries 
out direct influence to the restoration nature as an electrode becoming low, therefore forming 
an electrode is bad, and also the carbon added as a conducting material or an electric 
conduction auxiliary agent, the binder for raising a moldability, and also quantity of an 
electrolysis solution must be increased. The quantity of the active material contained in the unit 
volume of the anode fabricated as the result decreases, and there is a problem that the 
capacity of a cell will fall eventually. 
[0018] 

Although there is also a method of, melting in a solvent both the raw material of cobalt or nickel 
and the raw material containing other metallic elements on the other hand, mixing, evaporating a 
solvent after that, and realizing mixing of an atom level, For example, in a method like spray dry, 
it becomes a hollow inside [ of an aggregated particle ] spherical particle, and what has the 
enough intensity and tap density does not become. 
[0019] 

On the other hand, the manufacturing method of the lithium multiple oxide concerning this 
invention, It also has the feature which can perform control of the particle diameter of the 
powder which is the most ideal method from a viewpoint of lithium salt, the method of 
compounding, and the homogeneity of a presentation, and is obtained in the granular material 
which made the raw material which contains the raw material and other metallic elements of 
cobalt or nickel like a coprecipitation method coprecipitate in an atom level. 
[0020] 

Generally, in order for a granular material to have the biggest possible tap density (pack 
density), the particles of a granular material are geometrically spherical and it is important to 
have particle size distribution with a certain amount of width, but. Considering the powder as 
actual positive active material, the shape of the particles of a raw material is close to a ball, its 
particle size distribution is as much as possible sharp, the diameter of a centriole is several 
micrometers - about tens of micrometers, and when the moldability at the time of forming an 
electrode is taken into consideration, the fewest possible ones of fines with a particle diameter 
of 1 micrometer or less are preferred. Cobalt or the nickel compound with such a desirable 
powder disposition can actually be adjusted, and can be obtained. 
[0021] 

The lithium multiple oxide concerning this invention uses cobalt or a nickel compound with the 
above powder dispositions as a raw material, By compounding using the raw material compound 
which made other metallic elements dissolve (coprecipitation) to cobalt or a nickel compound so 
that the desirable powder characteristic may be maintained, It can have the same desirable 
powder characteristic as cobalt or a nickel raw material, and the above problems can be 
avoided. 
[0022] 

Namely, the positive active material for nonaqueous electrolyte secondary cells of this 
invention, Chemical formula : Li 1+x M 1 _ y L y 0 2 . however, M — any one or more sorts of metallic 
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elements of Co and nickel, and L — an alkali earth metal element, y-1 .0<x<=x0.2 and 0< y<=0.12 
— conditions — filling — it is expressed. It consists of a multiple oxide of at least one kind of 
element and lithium which are chosen from cobalt or nickel, that the shape of the aggregated 
particle of a multiple oxide is spherical, or an ellipse — such positive active material for 
nonaqueous electrolyte secondary cells can avoid the above problems by being characterized 
by a spherical thing. 

In the above-mentioned chemical formula, about the range which x can take, if x sets to -1.0 
(x=-1.0), Li is set to zero, it is no longer a lithium conjugated compound, and on the other hand, 
when x> 0.2, superfluous Li serves as Li 2 C0 3 , and will deposit, substances other than a lithium 

multiple oxide will exist, and positive active material will be reduced. About y, if y> 0.12, the 
solid-solution limit community of an alkali earth metal element is exceeded, and it deposits as 
an alkali earth metal oxide, or independent separation is carried out, and it comes to exist. 
[0023] 

The lithium multiple oxide which maintains such a powder characteristic, In the relation between 

tap density (unit: g/ml) and specific surface area (unit: m 2 /g), The expression of relations (1) 
which becomes 0.8<=[(tap density) x10/ {(specific surface area) +20}] <=1.5 is satisfied, And in 
tap density (unit: g/ml) and the relation of the particle size distribution D50 (mean particle 
diameter) (unit: micrometer), when satisfying the expression of relations (2) which becomes 1<= 
{(tap density) x10/ (particle size distribution D50)} <=3, the value whose initial service capacity 
is very high is shown. 
[0024] 

When these expressions of relations are explained further, it is drawing 1 which showed the tap 
density (unit: g/ml) of a lithium multiple oxide, and the relation of specific surface area (unit: 

m 2 /g), What was inserted into two straight lines of drawing 1 satisfies an expression of relations 
(1), it is drawing 2 which showed the tap density (unit: g/ml) of a lithium multiple oxide, and the 
relation of mean particle diameter (unit: micrometer), and what was inserted into two straight 
lines of drawing 2 satisfies an expression of relations (2). In drawing 1 and drawing 2 , a black- 
lacquered portion (lithium multiple oxide) satisfies both expressions of relations, and the value 
whose initial service capacity is very high is shown. 
[0025] 

When manufacturing a lithium multiple oxide with such a powder characteristic, their thermal 
stability improves so that there are many alkaline-earth metals, but if a grinding mixing process 
by which the powder characteristic of cobalt or a nickel compound is spoiled is not used, 
generally it is difficult to make alkaline-earth metals dissolve uniformly. 
[0026] 

however, that the shape of an aggregated particle is spherical, or an ellipse, without passing 
through a grinding mixing process by which the powder characteristic of spherical cobalt or a 
nickel compound is spoiled, In order to make alkaline-earth metals dissolve, as described above, 
alkaline-earth metals to cobalt or a nickel compound it not only makes it only dissolve 
(coprecipitation), but, In the analysis according [ the lithium multiple oxide which it is 
dramatically important for to carry out mole-ratio Li/(M+L) of lithium, and (cobalt or nickel + 
alkaline-earth metals) more than 0.98, and requires it for this invention as a result ] to an X 
diffraction, 2 theta = the peak of an alkali earth metal oxide does not appear in the range of 42- 
44 degrees, but the segregation of an alkali earth metal oxide or independent separation can be 
prevented substantially. 

Since the homogeneity of a lithium multiple oxide presentation is spoiled and a problem arises in 
thermal stability or a moldability when an alkali earth metal oxide causes or carries out 
independent separation of the segregation, it becomes important not to cause the segregation 
of an alkali earth metal oxide. 
[0027] 

In this invention, lithium carbonate, lithium hydroxide, lithium hydroxide monohydrate, a lithium 



http://www4.ipdl. inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fw... 2009/07/16 



JP,2004-1 19172.A [DETAILED DESCRIPTION] 



Page 7 of 1 1 



nitrate, lithium peroxide, etc. can be used as a lithium compound of a raw material, 
in order to make alkaline-earth metals dissolve as cobalt of a raw material/or a compound of 
nickel (coprecipitation) — that the shape of aggregated particles, such as an oxide, hydroxide, 
and a carbonation thing, is spherical, or an ellipse — if it has a powder characteristic which is 
spherical, it can use without restriction especially, that face using cobalt or the nickel raw 
material compound which made alkaline-earth metals dissolve, particle size distribution is as 
sharp as several micrometers - about ten micrometers, and the shape of an aggregated particle 
is spherical, or an ellipse especially, since the more nearly spherical one becomes advantageous 
to a battery characteristic, Hydroxide or a carbonation thing is more preferred, and the 
carbonation thing is able to arrange a particle size with homogeneity more further, and it is 
especially desirable. 
[0028] 

2. Manufacturing method of lithium multiple oxide 

The manufacturing method of the lithium multiple oxide concerning this invention, As described 
above, it is the method of compounding the granular material which made the raw material 
containing the raw material and other metallic elements of cobalt or nickel coprecipitate in an 
atom level with lithium salt, From a viewpoint of the homogeneity of a presentation, it is the 
most ideal method, and also has the feature which can perform control of the particle diameter 
of the powder obtained, and the process of the following (I) - (III) is included. 
(I) mean particle diameter — 5—20 micrometers — that the shape of an aggregated particle is 
spherical, or an ellipse — to spherical cobalt or nickel compound. The process which makes 
alkaline-earth metals coprecipitate beforehand so that the mole ratio of cobalt or nickel, and 
alkaline-earth metals may serve as 1-y:y (however, y fulfills the conditions which become 
0<y<=0.12) 

(H) The process of mixing the obtained coprecipitate and a lithium compound with a mean 
particle diameter of 5 micrometers or less so that mole-ratio Li/(M+L) of lithium, and (cobalt or 
nickel + alkaline-earth metals) may become more than 0.98 

(III) The process of heat-treating the obtained mixture at the temperature of 800-1 100 ** 
[0029] 

the process of above (I) — that the shape of an aggregated particle is spherical at the mean 
particle diameter of 5-20 micrometers, or an ellipse — in 1-y:y, the mole ratio of spherical 
cobalt or nickel compound, and alkaline-earth metals. It is a process which makes alkaline-earth 
metals dissolve beforehand (coprecipitation) so that y may become (however, fulfills the 
conditions which become 0<y<=0.12). If specific surface area becomes large too much in less 
than 5 micrometers in mean particle diameter, generation of heat may take place violently, a 
problem occurs in respect of the safety after a battery assembly and mean particle diameter 
exceeds 20 micrometers on the other hand, When applying a paste on a sheet, unevenness 
occurs, and it is not desirable as an anode board except that the cycle characteristic and load 
characteristic of a cell worsen. 

When producing sulfate of cobalt and magnesium or a nitrate, and the solution mixed so that the 
presentation of regulation of a chloride might be suited as a coprecipitation method and 
obtaining precipitate of hydroxide, Caustic alkali of sodium and an aqueous ammonia solution are 
dropped into this solution maintained at the temperature between 20-80 **, and precipitate is 
obtained. PH is controlled by a caustic-alkali-of-sodium drip, and particle diameter is controlled. 
When obtaining precipitate of a carbonation thing, carbon dioxide is dropped at an aqueous 
ammonia solution into this solution that was saturated enough and maintained at the 
temperature between 20-80 **, and precipitate is obtained. By no case, at less than 20 **, a 
reaction is bad, cooling cost will also start, on the other hand, if it exceeds 80 **, volatilization 
of ammonia will be intense and the concentration in a reaction vessel will be stabilized summer. 
In the case where precipitate of a carbonation thing is obtained, the cobalt carbonate generated 
during the reaction may oxidize and output may change. In order to be stabilized and to maintain 
a reaction, 40-60 ** of a temperature requirement is more preferred. 



http://www4.ipdl. inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fw... 2009/07/16 



JP,2004-119172,A [DETAILED DESCRIPTION] 



Page 8 of 1 1 



The coprecipitate in which the process of the above-mentioned (II) was acquired at the process 
of (I), i.e., the cobalt which made alkaline-earth metals dissolve beforehand (coprecipitation), and 
a nickel compound, It is the process of mixing a lithium compound with a mean particle diameter 
of 5 micrometers or less so that mole-ratio Li/(M+L) of lithium, and (cobalt or nickel + alkaline- 
earth metals) may become more than 0.98. The segregation of an alkali earth metal oxide or 
independent separation may be caused as this mole ratio is less than 0.98. Although air current 
mixing and high velocity revolution agitation mixing are used in dry type and mixing granulation is 
used by a wet type as how to twist breaking down a skeleton as a mixed method, the mixing 
requirements of the grade where load is not greatly applied to particles are desirable also in this 
case. 

The process of the above-mentioned (III) is a process of heat-treating the mixture obtained at 
the process of (II) at the temperature of 800-1 100 **, and in order to give high crystallinity and 
a battery characteristic, it is more preferred. [ of the heat treatment temperature of 900-1000 
** ] 
[0030] 

3. Nonaqueous electrolyte secondary cell 

The anode containing the positive active material for nonaqueous electrolyte secondary cells 
which consists of a lithium multiple oxide explained above is used for the nonaqueous 
electrolyte secondary cell concerning this invention. Usually, the rechargeable lithium-ion 
battery which is a nonaqueous electrolyte secondary cell is using as the main components the 
anode which uses a lithium multiple oxide as an active material, the negative electrode which 
uses as an active material occlusion and material which can be emitted for lithium, and the 
separator or solid electrolyte containing nonaqueous electrolyte. 
[0031] 

as an anode of a nonaqueous electrolyte secondary cell, including the binder (binder) for raising 
a conducting material (or electric conduction auxiliary agent) and a moldability further, these are 
supported and conductivity is usually given in addition to the active material which consists of a 
lithium multiple oxide — it is monotonous and is constituted. As the conducting material (or 
electric conduction auxiliary agent), carbon materials, such as carbon and acetylene black, are 
mentioned, and PVDF (poly **-ized vinylidene) etc. are mentioned as a binder, for example. 
As an active material of a negative electrode, a lithium metal, a lithium alloy, a metallic oxide, 
carbon (carbon material), etc. are specifically mentioned. 

As nonaqueous electrolyte, propylene carbonate (PC) and ethylene carbonate (EC), What 
dissolved lithium salt, such as LiPFg, LiCI0 4 , UBF 4 , and LiAsFg, in the mixed solvent with 

diethoxyethane (DEE) or dimethoxyethane (DME) as an electrolyte can be used suitably. As a 

separator, the films and nonwoven fabrics made from polyolefine, such as porous polypropylene 

and polyethylene, can be used. A solid electrolyte can also be used instead of what impregnated 

the separator with nonaqueous electrolyte. 

[0032] 

[Example] 

Although an example and a comparative example are given to below about this invention and 
also being explained to it in detail, this invention in particular is not limited to these examples. 
The tap density measured in the following examples etc., By the method of filling up a 20-ml 
measuring cylinder with a lithium multiple oxide, and measuring the volume of the lithium 
multiple oxide after 200 times tapping, specific surface area, a nitrogen absorption (BET) 
method — the particle size distribution D50 is the computed value by measuring by the laser 
method and calculating the value equivalent to 50% of accumulation. 
[0033] 

[Example 1] (composition and physical properties of positive active material) 
In order to compound the positive active material which replaced some cobalt by magnesium, 
the spherical magnesium coprecipitation cobalt carbonate manufactured by commercial lithium 
carbonate and said crystallization (coprecipitation) method was prepared. Carbon dioxide 
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spherical magnesium coprecipitation cobalt carbonate in the solution saturated enough, Cobalt 
sulfate 7 hydrate and magnesium sulfate 5 hydrate are mixed so that it may become a desired 
value by the mole ratio of cobalt and magnesium, It was made to deposit and grow up by 
agitating with dropping and the reaction temperature of 50 ** after adjustment so that flow rate 
may be set to 3:2 simultaneously with a 5% of ammonium water solution so that it may become 
the concentration of 50 g/L as solution, filtered and rinsed 48 hours afterward, and 
manufactured by the method of filtering further after that and carrying out an 80 ** air dry. The 
mole ratio of cobalt and magnesium is 1 with this method. 0.95:0.05, 2 0.98:0.02, 3 The spherical 
magnesium coprecipitation cobalt carbonate adjusted so that it might be set to 0.99:0.01 is 
obtained, Weighing of this carbonation thing and lithium carbonate was carried out so that mole- 
ratio Li/(Co+Mg) of lithium and (cobalt + magnesium) might be set to 1.00, and they were fully 
mixed by the intensity which is a grade by which the shape of a spherical aggregated particle is 
maintained. After carrying out temporary quenching of this powder mixture at 350 ** in an 
oxygen current for 2 hours, at 950 **, it was calcinated for 1 0 hours and furnace cooling was 
carried out to the room temperature. The coprecipitation cobalt carbonate which replaced some 
cobalt by calcium instead of magnesium is used, and the mole ratio of cobalt and calcium is 4. 
The lithium multiple oxide was manufactured by the same method as the above except having 
made it set to 0.95:0.05. 

About the obtained fired material, when tap density (unit: g/ml) and specific surface area (unit: 

m 2 /g) were measured, it became what is altogether settled in the range of the following 
expressions of relations (1). Aggregated particle shape was not maintained like the below- 
mentioned comparative example 1, and when the lithium cobalt multiple oxide with low tap 
density obtained by grinding was used, an expression of relations (1) was not able to be filled. 
This relation is shown in Table 1. 

Expression of relations (1): 0.8<= [(tap density) x10/ {(specific surface area) +20}] <=1.5 

[0034] 

[Table 1] 
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[0035] 

[Example 2] (composition and physical properties of positive active material) 
About the fired material which compounded the positive active material which replaced some 
cobalt by magnesium or calcium like Example 1, when tap density (unit: g/ml) and the particle 
size distribution D50 (unit: micrometer) were measured, it became what is altogether settled in 
the range of the following expressions of relations (2). Aggregated particle shape was not 
maintained like the below-mentioned comparative example 1, and when the lithium cobalt 
multiple oxide with low tap density obtained by grinding was used, an expression of relations (2) 
was not able to be filled. This relation is shown in Table 2. 

Expression of relations (2): 1<= {(tap density) x10/ (particle size distribution D50)} <=3 

[0036] 

[Table 2] 
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J-r <~-V 

(e/ml) 


( Ltm ) 






<X)LiCo 0 .95 M go.o50 2 


2.32 


1 1.35 


2.044 




<DLico 0 .98Mgo.o202 


2.24 


13.80 


1.623 


(DLicoo.99Mgo.olo2 


2.23 


15.59 


1.430 




®LiCo 0 95Ctt 0 .05O 2 


2.10 


8.76 


2.397 




Licoo.95Mgo.0502 


1.60 


5.01 


3.194 



[0037] 

[Example 3] (production and the quality assessment of a cell) 

The cell was produced as follows using the positive active material manufactured in Example 1, 
and charge-and-discharge capacity was measured. To 70 % of the weight of active material 
powder, 10 % of the weight of PVDF(s) (poly **-ized vinylidene) which are 20 % of the weight of 
acetylene black and the binder which are conducting materials were mixed, and NMP (n-methyl 
pyrrolidone) was added and pasted to it. It applied so that the active material weight after drying 
this to the aluminium foil of 20-micrometer thickness might become 0.05 g/cm , and vacuum 
drying was performed at 120 **, and it pierced to disc-like [ of 1 cmphi ], and was considered 
as the anode, as a negative electrode — a lithium metal — the mixed solution of the volume 
ratio 3:7 of ethylene carbonate (EC) and dimethyl carbonate (DMC) which make LiPFg of 1M a 
supporting electrolyte was used for the electrolysis solution. The electrolysis solution was 
infiltrated into the separator which consists of polyethylene, and the 2032 type coin cell was 
produced in the glove box of Ar atmosphere in which the dew point was managed by -80 **. 
The sample 1 which maintained the shape of a ball which is aggregated particle shape, and filled 
the expression of relations (1) and (2) when charge and discharge were performed for cut-off 
voltage by 3.0V at the time of 4.2V and discharge at the time of charge, after neglecting the 
produced cell for about 24 hours and stabilizing OCV -4 compared with the comparative 
example 1 with which grinding mixing of the after-mentioned of ** is carried out, and the 
expression of relations (1) and (2) is not filled, the value with high initial service capacity was 
shown. An initial service capacity value is shown in Table 3. 
[0038] 
[Table 3] 







V)W&n®M. (a.u.)* 




®Lico 0 95 Mg 0 .05 0 2 


102 




©Licoo.9 8 Mgo.o202 
©Licoo.99M80.0102 


106 
106 




©LiCoo 9sCa 0 .os0 2 


103 




LiCoo.95Mgo.05O2 


100 



[0039] 

[Comparative example 1] (composition and physical properties of positive active material) 



http://www4.ipdl. inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fw... 2009/07/16 



JP,2004-1 191 72, A [DETAILED DESCRIPTION] 



Page 1 1 of 1 1 



In order to compound the positive active material which replaced some cobalt with magnesium, 
Cobalt hydroxide and lithium carbonate which were adjusted so that the mole ratio of cobalt and 
magnesium might be set to 0.95:0.05, Weighing was carried out and positive active material was 
compounded like Example 1 except having carried out grinding mixing so that mole-ratio Li/ 
(Co+Mg) of lithium and (cobalt + magnesium) might be set to 1.00. This positive active material 
is a lithium cobalt multiple oxide with low tap density which did not maintain aggregated particle 
shape but was obtained by grinding. 

Initial service capacity as a result of being obtained is shown in Tables 1-3 from the expression 
of relations (1) and (2). 

[0040] 

The positive active material for nonaqueous electrolyte secondary cells which consists of a 
lithium multiple oxide obtained in the example so that clearly from the result of above- 
mentioned Examples 1-3 and the comparative example 1, By making alkaline-earth metals, such 
as Mg and Ca, dissolve (coprecipitation), maintaining aggregated particle shape without grinding, 
High cell capacity (initial service capacity) can be given by raising the moldability and pack 
density at the time of forming an electrode, and filling both the expressions of relations of tap 
density, specific surface area and tap density, and mean particle diameter further. 
Initial service capacity is [ without filling the expression of relations (1) and (2) with the 
comparative example 1 which uses the lithium cobalt multiple oxide with low tap density which 
did not maintain aggregated particle shape but was obtained by grinding on the other hand / 
example ] low. 
[0041] 

[Effect of the Invention] 

The positive active material for nonaqueous electrolyte secondary cells of this invention, By it 
being possible to aim at the moldability as an anode and improvement in pack density by using 
as positive active material of a nonaqueous electrolyte secondary cell, and filling both the 
expressions of relations of tap density, specific surface area and tap density, and mean particle 
diameter further, The effect that the very high rechargeable battery of cell capacity can be 
provided is acquired. 
[Brief Description of the Drawings] 

[Drawing 1] Thev are the tap density of a lithium multiple oxide, specific surface area, and a 
figure showing an expression of relations (1). 

[ Draw in g 2] They are the tap density of a lithium multiple oxide, mean particle diameter, and a 
figure showing an expression of relations (2). 



[Translation done.] 
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